It is essential to obtaining information about insect abundance to study the dynamics of vector-borne transmitted diseases and to plan the appropriate measures to control such diseases. Lutzomyia longipalpis (Lutz & Neiva 1912 ) is the main vector of Leishmania (Leishmania) infantum (Nicolle, 1908) , which is the causative agent of visceral leishmaniasis (VL) in the Americas, a disease that has spread throughout Brazil over the last 20 years. Rapid urbanization and recent environmental modifi cations and the adaptation of Lutzomyia longipalpis (Lu. longipalpis) to urban areas are thought to be the main factors associated with the increased number of reported VL cases in Brazil [1] [2] [3] [4] . In the State of São Paulo, which is located in the southeastern region of Brazil, 2,146 VL cases were reported between 2001 and 2012 5 . Therefore, the number of municipalities affected by human cases of the disease increased from 4 to 75 within this period. Additionally, the presence of Lu. longipalpis has been reported in 148 of the 645 municipalities in the State of São Paulo 6 .
The recommended disease control measures include diagnosing and treating human cases, monitoring and controlling seroreactive dogs, and chemically controlling the vectors 7 . Vector seasonality is an important factor, as it can improve the effectiveness of the control measures by determining the best time to implement chemical and environmental procedures to reduce the abundance of the vector. However, a wide range of annual climatic conditions, primarily temperature and rainfall, may hinder the identifi cation of a fl uctuation pattern and the discovery of possible associations between these factors during a short follow-up period. Although the temporal and spatial dynamics of Lu. longipalpis have been described in municipalities located in the States of Minas Gerais, Mato Grosso do Sul, Sergipe, Rio Grande do Norte, and São Paulo [8] [9] [10] [11] [12] [13] , there is still a need to analyze its temporal and spatial dynamics for longer time periods. This paper aimed to describe the epidemiological situation and the abundance of Lu. longipalpis in intradomicile and peridomicile habitats and to determine their associations with the weather variables and in human and canine cases during 8 years of surveillance in the urban area of Dracena, a municipality situated in the western region of the State of São Paulo that is endemic with visceral leishmaniasis.
RESULTS

METHODS
Study area
This observational ecological study occurred in the municipality of Dracena, which is located in the western region of São Paulo and has 43,258 inhabitants 14 in an area of 488km². The city is geographically situated at the coordinates 21º28'57''S and 51º31'58''W at an altitude of 421 meters. Based on the Köppen climate classifi cation, this region is classifi ed as Cwa, with dry winters. It has an average temperature of 24.52ºC, ranging from a maximum of 36.52ºC to a minimum of 12.75ºC and annual precipitation of 1,513mm over the last 3 years. Dracena is one of the municipalities of the State of São Paulo that has been classifi ed as a high priority by the Brazilian Ministry of Health
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.
Visceral leishmaniasis human and canine cases
The fi rst canine and human cases were reported in 2005 16 . The VL cases were obtained from the Epidemiologic Center of São Paulo, and the canine positivity rate was gathered from the local zoonosis center for the period between 2006 and 2012. The percent positivity for canine VL was obtained by dividing the number of seroreactive dogs by the number of tested dogs and then multiplying by 100.
Sandfl y collection
Dracena was divided into 2 areas: the fi rst area with 4 subregions and the second area with 5 sub-regions. This partition followed the divisions employed by the Dengue Control Program 7 . Lu. longipalpis was initially detected in sub-region 3 of area 2 in March 2003, and all 9 sub-regions were infested with the vector by March 2004. The sandfl y collections were conducted for 3 consecutive nights monthly from January 2005 to December 2012 using light traps (LTs) from the Centers for Disease Control and Prevention (CDC) 17 . To cover the entire territory of each of the 9 sub-regions, 2 houses were selected based on the appropriate conditions for the presence of sandfl ies, including shaded and humid backyards and the presence of domestic animals. From 6 pm to 8 am, 2 traps were placed at every house: 1 outside the house (peridomicile), which was associated with the domestic animal (i.e., dogs, chickens, or birds) shelters, and the other trap was placed inside the house (intradomicile). Overall, the collection effort involved 18 urban houses and resulted in 36 CDC LTs per night and a total of 108 traps per month; the selected houses changed every 2 years. All analyses were conducted using the sum of the sandfl ies collected per month.
The collected sandfl ies were processed according to Forattini and were identifi ed using the taxonomic key of Galati 18 .
The 15, 30 and 45-day accumulated rainfall data were obtained from the Coordenadoria de Assistência Técnica Integrada 19 for the Dracena region.
Data analysis
The chi-squared test was used to compare the proportions. The trend and seasonality of the number of Lu. longipalpis specimens collected each month were analyzed from January 2005 to December 2012. The trend was visually analyzed by plotting the aggregated data by year, and the Cox-Stuart test was used to confi rm statistical signifi cance. A box plot of the monthly data was plotted to analyze the seasonal behavior of the vector. To evaluate the relationship between the accumulated rain in the 15, 30, and 45 days prior to the entomological collections and the number of Lu. longipalpis specimens collected monthly, a scatter plot was built, and Spearman's rank correlation (rho) was calculated to measure the linear relationships between these factors. Similarly, Spearman's rho correlation was calculated using the accumulated information of the period in the 9 subregions to measure the linear relationships between the human incidence rate and the mean canine positivity, the number of specimens collected and the human incidence rate, and the number of specimens collected and the mean canine positivity in that period. A signifi cance level of 5% was used in all tests. 34 .4% in the 9 sub-regions during this period, and there were no correlations between the mean canine positivity rate and the human incidence rate during this period (rho=0.21, p-value=0.58) ( Figure 1C) . Additionally, the number of Lu. longipalpis specimens collected in each sub-region varied every year, demonstrating that the vector was present in all regions but with no marked predominance in any one region. The correlation between the number of Lutzomyia longipalpis specimens collected and the human incidence rate was 0.20 (p-value=0.61) ( Figure 1A) , and the correlation between the number of Lu. longipalpis specimens and the canine positivity rate was 0.08 (p-value=0.83) ( Table 1 and Figure 1B The greatest number of sandflies was captured in the peridomiciles, with 48,606 specimens collected (88.7% of the total), which included 38,304 (78.8%) males and 10,302 (21.2%) females. Of the 6,214 specimens collected in the intradomicile, 4,544 (73.1%) were males, and 1,670 (26.9%) were females. In general, the proportion of males to females varied signifi cantly (p-value <0.01) according to the collection location (i.e., the intradomicile and peridomicile). Overall, the M/F ratio by year ranged from 3.19 to 4.26, and the correlation was 0.97 during this period, as measured between the males and females ( Table 2 ).
The greatest abundance occurred in the years 2009 (12,749 specimens) and 2008 (10,223 specimens). The vector was collected in all months during the study period, with a peak of 3,106 specimens in March 2009. The lowest number of specimens (4 specimens) was collected in Augus2011 (Figure 2A) . The aggregated data showed a rise in the number of specimens collected from 2007 to 2009, followed by a decrease in 2010, and the Cox-Stuart test indicated an absence of a trend for the entire period (T=27, p-value >0.05) (Figure 2B) . The box plot graph shows that the number of specimens per month exhibited an elevated dispersion, mainly in the beginning of the year. The greatest abundance of the vector occurred in the months of February, March, and April, with median numbers of 684, 805, and 935 specimens, respectively. This fi nding confi rmed the seasonality of this vector ( Figure 2C) .
The highest correlation between the number of specimens collected and the accumulated rainfall was obtained in the 45 days prior to the collection date (rho=0.29, p-value=0.00). Between the number of specimens and the accumulated rainfall in the 30 days prior to collection, the rho was 0.23 (p-value=0.02), and the rho was 0.17 between the number of specimens and the accumulated rainfall 15 days prior to the collection date (p-value=0.10) (Figures 1D, 1E, 1F, and Figure 3) . 
DISCUSSION
The vector was collected in all months and in all 9 subregions of the city during the 8 years of the study, indicating its adaptation to the urban areas of Dracena. Combined with the canine positivity, these results demonstrate that despite the decreased number of reported human cases, the conditions for disease dissemination in humans and dogs continued during this period, as the high abundance of the vector in the intradomicile and peridomicile habitats facilitated contact between the humans and the vector inside the homes and between the domestic animals and the vector outside the residences.
Lutzomyia longipalpis presented the highest abundance of the sandfl y species collected in Dracena, with predominance in the peridomicile; a greater proportion of males was collected. These results were consistent with the results of other studies using LTs in urban areas of endemic cities in other Brazilian states [8] [9] [10] [21] [22] [23] [24] [25] [26] [27] . The greater abundance of the vectors in the peridomestic habitats may be associated with the attraction exerted by the animals that were present in this environment, as the LTs were specifi cally positioned near the animal shelters that provide their food sources. Similarly, the bias in the proportion of Lu. longipalpis males may be associated with the lek-like aggregations that occur on the host animals, which attract the females to mate and obtain their blood meal source 28, 29 . However, the vector was also found in the intradomicile, increasing the risk of human contact. Considering that Lu. longipalpis boasts an eclectic feeding habit, the presence of females in the intradomicile increases the risk of acquiring LV.
The vector was detected in all months throughout the year, with seasonal peaks occurring from January to May and coinciding with the warmest and rainiest months of the year. This fi nding corroborates other studies performed in several cities located in the southeastern and central regions of Brazil, such as Janauba 21 , Belo Horizonte 27 , Montes Claros
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, Campo Grande 9 , and Barra do Garças 26 . Moreover, in northeastern Brazil, where temperatures vary little throughout the year, the greater abundance of the vector occurs during the rainy season, which ranges from June to August 10, 11, 31 . In other studies performed in the cities of Porteirinha 23 and Montes Claros 25 , both of which are located in Minas Gerais in southeastern Brazil, the rainfall and the temperature were considered to be predictors of vector abundance. The combined effects of rainfall, air temperature, and evapotranspiration, which determine the soil water balance, most likely infl uence the quality of the breeding site habitats and, consequently, determine the fl uctuations in the adult sandfl y population 13, [32] [33] [34] . In our study, the <0.50 correlation index between the number of Lu. longipalpis specimens collected and the previous accumulated rainfall indicated that this variable was only poorly associated with vector abundance, and other variables that affect microhabitats, such as the presence of animals and the availability of organic matter, might also be used as factors in a predictive model.
The role of canines as disease reservoirs has been well established 35, 36 . In our study, the observed canine infection positivity rate of approximately 24% was high compared to other endemic cities and did not correlate with the number of human cases or the abundance of Lu. longipalpis, which aligned with other studies 20, 22, 37 . However, these results should be considered with caution, as these surveys do not always represent the true positivity in the canine population because of the diffi culties associated with human and canine diagnoses 4 . There are additional issues to consider, including the possible number of underreported human cases 38 and issues related to the disease transmission, such as environmental features and socio-demographic conditions, which are diffi cult to measure 2, 3 . Dracena has some transitional urban/rural areas with ample backyards. Some houses have chicken breeding sites, and additional animals and other environmental characteristics, such as shaded areas with large trees, are also present. These conditions appear to be suitable breeding sites in the peridomicile habitat of this municipality, given that that Lu. longipalpis was present in only 1 of the 9 sub-regions in March 2003 and spread throughout the entire city within a 1-year period, reaching a high abundance in all 9 sub-regions by 2005. Maintaining this high abundance over an 8-year surveillance period demonstrates the diffi culties related to controlling this vector, such as cleaning the accumulated organic material with appropriate waste disposal and the appropriate applied chemical control when a human case is reported.
Although the number of human cases decreased, the high Lu. longipalpis abundance and high canine positivity in all sub-regions of the city during the 8-year study combined with the recognized eclectic feeding habits of the vector 22, 39 indicate that this municipality provides the appropriate conditions for an individual to acquire the disease.
Furthermore, the higher proportion of positive samples in the larger number of specimens collected in the fi rst semester suggests that the fi rst half of the year presents a greater risk of disease infection. Thus, the fi rst semester should be considered to be the best time of the year to implement control strategies against Lu. longipalpis. However, the rapid dispersion and colonization of the vector, which was assumed based on the extensive period of these collections, corresponded with the use of the recommended control activities for treating human cases (e.g., spraying insecticide around the confi rmed human cases and the controversial recommendation of culling positive dogs); these factors highlight the major challenges facing policy makers who attempt to control this disease in multifaceted, urban territories and the critical need to develop new control strategies.
